In this paper, the tank sloshing and the vibration of the internal structure in contact with the water are discussed by extending the Boundary Element Method (BEM). The BEM has been widely used to solve the nonlinear fluid motions in a tank as well as the potential flow past an obstacle. However, when a tank is fitted with the thin internal structure, the basic BEM will give a numerical error due to the thickness of the plate in the evaluation of the pressure acting on the internal structure.
Introduction
The nonlinear fluid motions in a tank (sloshing problem) has been widely studied by using various numerical methods such as the Finite Difference Method (FDM) 2), Finite Element Method (FEM) 3), BEM 4),5) and so on. As is well known, among these numerical methods for the analysis of fluid motion, FDM is more practical and more frequently used. The BEM is mostly applied to estimate the nonlinear fluid motions in a tank without internal structure. For the analysis of the coupled vibration of the fluid and structure of the ship tank or container, FEM and BEM 1), 6) are usually chosen. The FEM gives a stable numerical solution although the numerical accuracy depends on the mesh system of the fluid domain and the element shape function. But when the problem with an infinite or a half infinite water domain is considered, the difficulty of the boundary element separation will meet the limitation of the computer capacity and memory size. On the contrary, BEM has a merit of reducing the dimensions by one and it is applicable even for the infinite domain problem.
When BEM is used for the calculations of the velocity potential and fluid added mass, it is important to get a precise value in the boundary integral of the functions of log(r) and 1/r, in which r is the distance of the elements. As for the two-dimensional problem, the analytical solution for the integral of log(r) can be deduced, but it is difficult to get the analytical solution for the three-dimensional (3D) problem, thus the numerical method such as Gaussian integration will be applied to the integral of the function hr and the singular integration on the boundary should be paid attention. As shown in Fig. 1 , the distance r of the elements on both sides of the internal structure will tend to 0, when the thickness of the plate t tends to 0. So it is very difficult to avoid the numerical error in the integral of the function 1/r. Fig. 2 shows the errors between the analytical solution and numerical integral 1).
In this paper, for simplicity, the sloshing of 2D tank with internal structure and the vibration of the internal structure in 3D tank are discussed by extending the basic BEM to the multiple domain problems. The fluid motions in a tank with internal structure that is subjected to the forced oscillations and the dynamic pressure distributions on the thin internal structure are shown. Some of the computed results are compared with the ones in the published paper. It indicates that they agree well each other and the present method is effective.
2.
Multiple Domain BEM
As shown in Fig.3 (2) where ci is the fluid velocity.
As for the rigid boundary conditions, we have two kinds of boundary conditions. One is expressed by the value of the velocity potential on a part of the outside boundary, (3) Another is that the value of the normal differentiation of the velocity potential on the remaining outside boundary,
On the imaginary boundary, the flow velocity and its potential at any point is same as the one in the adjacent domain, so that we obtain the following conditions on the imaginary boundary, (5) According to the Green's formula, the velocity potential (1) can be written as, (6) where r is the distance between the source point and field point, cp and ON is the radian measure and the velocity potential at the node P on the boundaries, S is the whole boundaries in the domain.
By using the expression of vector and matrix, it can be written as: 
As shown in Fig. 4 (20) where n is the normal to the boundaries.
As shown in Fig. 7 , we assume an imaginary boundary between the top of the internal structure and the side of the tank wall, so the whole fluid domain is divided into two domains I and II. 
Thus, by using Eq. (26), the pressure on the boundaries can be written as,
Integrating the both sides of Eq. (28) on the rigid boundaries, we obtain the hydrodynamic forces acting on the boundaries.
The hydrodynamic force on the rigid boundaries can be described as Eq. (30 As shown in Fig. 7 , the depth (d) of the internal structure is 0.3 meter and the depth of the fluid (d+e) is 0.5 meter and we assume an imaginary boundary connecting between the top of the internal structure and the sidewall of the tank. Fig. 8 shows the triangle element mesh system for the two domains of the tank. It is assumed that the internal structure oscillates in the fluid with a unit acceleration in its normal direction. Fig. 9 shows the pressure 
Conclusions
Nonlinear simulations have been carried out for the fluid motions in a tank with internal structure that is subjected to the forced oscillations. In order to avoid the numerical error which will be appeared in the integral on the internal structure, the basic BEM has been extended to the multiple domain problems. The computer program has been developed and applied to the simulation of the sloshing phenomena. Some of the computational results are compared with the ones in the published papers and it indicates that they agree well each other and the present method is effective.
The multiple domain BEM has been also applied to the vibration of the internal structure in contact with the water. From the comparison of the solutions among the basic BEM, TPBEM and the analytical ones, the present method agrees well with TPBEM and analytical solutions. It is also expected that the present method is a useful tool for the evaluation of the added mass in the fluid-structure interactive vibration.
